Introduction
The circuit we present is used for detecting the transverse oscillations of the barycentre of bunched beams, and is also meant to be sensitive to higher order bunch oscillations. The induced pulses from these beams have very large amplitudes, typically several hundreds of volts; as observed in the control room the pulse width is less than one nanosecond for the case of small pick-up electrodes, or can be made a little longer if a strip line is used as beam pick-up element.
The transverse bunch motion produces a variation of the pulse amplitude; the smaller the vacuum chamber, the larger the variation, and for a chamber such as PEP's* where the distance between the pick-up electrodes and the beam is of the order of 20 mm, a bunch oscillation of 1 mm produces a modulation of the induced pulses of the order of l/20, or 5%.
The design philosophy lays stress upon the following two points: The circuit described here operates on gated bunches and the normalizing speed is of no concern.
Threshold Circuit, Integrator and Peak Detector
The spectrum of the pick-up electrode signal is made of lines spaced by the beam revolution frequency, each line being accompanied by a family of sidebands, whenever the bunch oscillates. However, since the beam-electrode coupling is an induction process, the spectrum amplitude is zero at DC; the spectrum lines increase linearly with frequency and with the bunch u, and they reach their maximum at w = l/u, where u is in seconds. Detecting the modulation at a frequency near the spectrum maximum is a logical choice and has been done often, with or without heterodyning. 5, 6) The circuit presented here can be used in cases where the time difference between bunches is small, since gating is done by turning on and off the input circuit threshold.
As for the demodulation, as in ref. 4 , it is performed around the spectrum DC line, created by the non-linear process of active integration and sampling at the revolution frequency.
The circuitry of fig. 1 operates with positive pulse of 1.5 to 2 ns FWBM, the negative excursion being ignored.
To obtain such a pulse width, the pick-up stripline signals have been somewhat integrated by the dispersion of a transmission line; for the case of PEP, we use 800 feet of half-inch coaxial cable having an attenuation of 2.4 dB/lOO feet at 1,000 MHz.
In the presence of a -500 mV gate, Ql and 42 amplify the crest of the pulse and stretch it by means of the collector capacities. The time constant C2-R2 is made long for the signal and short for the gate. 
Overall Detector Operation and Experimental Results
A modulation of 5% of the beam pulses corresponds approximately to a peak to peak beam oscillation of 1 mm on PEP, and for a beam current dynamic range in excess of 37 dB, the detector delivers 5316 mV or 0 dBm per mm. The photograph of fig. 5 represents a typical input-output for the circuit of fig. 1 ; the notch observed at the top of the output waveform indicates the location of the sampling point. Figure 6 shows the detector response to a 10 mA SPEAR beam, and fig. 7 is the spectrum of the same output. On SPEAR, a 1 mm peak-to-peak bunch oscillation corresponds to 1% modulation, or -14 dBm at the detector output. On fig. 7 , the reference level is at -20 dBm and the first pair of sidebands which corresponds to the bunch dipole motion are at -34 dBm; this is approximately a peak-to-peak oscillation of 0.1 mm, at least five times larger than the noise, which is evaluated to be -50 dBm. Since the detector output saturates when it reaches approximately +l Volt, or +lO dBm, the usable oscillation dynamic range is 60 dB. 
